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57 ABSTRACT

A planar antenna for microwave applications includes a
supporting structure that is made using standard LT'CC (low
temperature co-fired ceramics) multi-layer techniques and a
polyimide tape containing an adhesive at one side which 1s
adheringly attached to the supporting structure. The body of
the supporting structure defines a transmission line substrate
and several of the intermediate layers define a path for
microwave energy to be coupled from the transmission line
substrate to the antenna. The method includes adhering the
tape to the supporting structure, cutting the tape to size, and
baking the tape and supporting structure 1n an oven at about
180° C. for about 4 hours to rigidify the tape. The obtained
antenna 1s thus protected against substrate effects such as
TM mode zero cut-off frequencies.

9 Claims, 3 Drawing Sheets
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LOW-LOSS APERTURE-COUPLED PLANAR
ANTENNA FOR MICROWAVE
APPLICATIONS

GOVERNMENT INTEREST

The 1nvention described herein may be manufactured,
used, imported and licensed by or for the Government of the
United States of America without the payment to us of any
royalties thereon.

FIELD OF THE INVENTION

This invention relates to a microwave element and 1s more
specifically directed to an antenna and to a method of
making a low-loss aperture-coupled planar antenna for
microwave applications.

BACKGROUND OF THE INVENTION

Typical planar antennas are printed on high dielectric
constant materials. For the case of a low temperature
co-fired ceramic (LTCC), the value of the dielectric constant
1s fixed at 5.9, which can result in performance degradations
due to substrate effects. Principally, the surface wave modes
propagating 1n the substrate are always present, since the
TM mode has a zero cut-off frequency despite the value of
the substrate height, h, or its dielectric constant, €. Higher
order modes can be reduced or prevented from propagating
by selecting a low value of h or €,. Recent research has
developed a low loss membrane technique 1n semiconductor
materials for use with millimeter applications. However, this

1s not a practical approach at microwave frequencies in the
LTCC process.

The aforementioned research, reported 1n a 1994 article

entitled W-BAND MICROSHIELD LOW-PASS FILTERS, by
Stephen V. Robertson, Linda P. B. Katehi and Gabriel M.
Rebeiz, 1994 IEEE MTT-S Digest, pages 625-628,
describes experimental and theoretical results obtained from
fabricating a planar W-band low-pass filter. The described
filter 1s fabricated in microshield line technology, and
includes a new type of planar transmission line, based on a
coplanar waveguide supported by a thin dielectric mem-
brane. The article specifically reports on the results of a
planar 90 GHz low-pass filter which has been fabricated in
microshield line using the aforementioned membrane tech-
nology. The device 1s purported to display excellent
performance, including low-pass band 1nsertion loss and low
total loss. In any event, it demonstrates the efficacy of using
membrane technology.

SUMMARY OF THE INVENTION

Accordingly, 1t 1s an object of the present invention to
provide a low-loss aperture-coupled planar antenna which 1s
substantially immune to substrate effects.

It 1s a further object of the present invention to provide a
method for making such a low-loss aperture-coupled planar
antenna.

Yet another object of the invention is to provide a method
of making a low-loss aperture-coupled planar antenna using
a thin dielectric film, to 1improve the performance by elimi-
nating high order modes, substrate losses and dispersion
elfects.

A still further object of the mvention 1s to provide a
fabrication method for making a low-loss aperture-coupled
planar antenna that 1s low 1n cost, provides high yield and
uses only commercially available films and ceramics.

The foregoing and other objects of the present invention
are accordingly realized in a form of an aperture-coupled
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device for microwave applications, which includes a radi-
ating element, a transmission line substrate for carrying
microwave energy and several intermediate layers disposed
between the transmission line substrate and the radiating
clement. The radiating element 1s located on a thin film
membrane which 1s disposed over the mtermediate layers
and an energy path, in the form of apertures and windows 1n
the intermediate layers, serves to provide a microwave
energy path from the transmission line substrate to the
radiating element. In this manner, energy 1s coupled from the
transmission line substrate to the radiating element 1immu-
nized from substrate effects.

In accordance with preferred embodiments of the
invention, the intermediate layers includes a metal ground
layer with an aperture over the microstrip transmission line
and a low temperature co-fired ceramic substrate with a
window overlapping the aperture. The thin film membrane 1s
preferably an about 0.001 inch thin film made of 3M
KAPTON® polyimide tape. A metal line 1s connected to the
underside of the microstrip transmission line to launch
microwave energy into the structure.

The method of making the device of the present invention
includes providing a supporting structure comprising the
aforementioned transmission line and intermediate layers,
by using standard LTCC (low temperature co-fired ceramic)
multi-layer fabrication techniques. The polyimide tape has
an adhesive on its underside, by which 1t 1s adhered to the
supporting structure. The radiating element 1s made by
depositing metal on the tape and etching the metal to obtain
a desired antenna pattern.

Other features and advantages of the present invention
will become apparent from the following description of the
invention which refers to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cross section through the low-loss aperture-
coupled planar antenna of the present imnvention.

FIG. 2 1s an exploded perspective of the low-loss
aperture-coupled planar antenna of the present invention.

FIGS. 3A, 3B, 3C, 3D, 3E, 3F, 3G, 3H, 31, and 3] show

successive stages 1n the fabrication process of the device of
the present invention.

DETAILED DESCRIPTION OF THE DRAWINGS

The planar antenna depicted 1n cross section in FIG. 1 and
perspectively (in an exploded view) in FIG. 2, employs an
aperture-coupled design as described below. The device 10
includes a radiating element 1 which 1s disposed on a thin
film made of 3M KAPTON® polyimide tape 2 having a
thickness of about 0.001 inches. The tape 2 1s bonded to a
low-temperature co-fired ceramic substrate 4 1 which a
window 3 has been cut so as to eliminate substrate effects.
The LTCC substrate 4 1s 1n turn bonded to a metal ground

plane 5 1n which an aperture 6 has been formed, at a position
below the window 3 of the LTCC substrate 4.

The radiating element 1 1s excited by microwave energy
which 1s launched mto a microstrip transmission line which
comprises a the metal ground plane 5 and second LTCC
substrate that 1s 1in turn connected, on the underside thereof,
with a metal line 8. Thereby, microwave energy, launched
into the substrate 7 from the metal line 8, 1s able to propagate
through the aperture 6 and window 3 to the radiating element

1.

The method of making the planar antenna 10 includes, as
illustrated in FIGS. 3A-3], providing a supporting structure
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12 (FIG. 3A) which contains the elements 3-8 described
above, using standard LTCC multi-layer techniques which
are 1n and of themselves known 1n the art.

The method includes obtaining a length of the polyimide
tape 2 and fixing two ends thereof 1n a support holder 14 and
thereafter stretching the tape laterally to reduce sagging. The
process further includes pressing the support structure 12
against the underside of the tape 2 to cause the substrate 4

to contact the tape with sufficient force so as to create an
adhesive bond therebetween (FIG. 3C).

As seen 1n FIG. 3D, the excess tape 1s then cut to proper
size and the entire umit 16 including the tape 2 and the
support structure 12 is baked in an oven at about 180° C. for
approximately four hours. This causes the tape to become
rigid. FIG. 3E shows the step of depositing a metal layer 18
on top of the tape 2, by sputtering or other suitable
technique, and following up that step with the application of
the UV sensitive photoresist 20 as indicated 1in FIG. 3F. The
process continues by providing a mask 22, containing a
desired antenna pattern (not shown), above the photoresist
20 and thereafter using an ultraviolet light source to expose
the underlying photoresist 20 to develop a pattern (FIG. 3G).
FIG. 3H 1illustrates the shape of the metal layer after the
photoresist has been washed away 1n a first rinse. The
exposed metal 1s then etched to form the antenna as 1llus-
trated in FIG. 31, the process concluding with the washing
away of any remaining photoresist using a second rinse to
obtain the radiating element 1 shown 1 FIGS. 1 and 3J.

Although the present invention has been described above
in relation to the fabrication of a low-loss aperture-coupled
planar antenna, the process of the present mnvention can be
used to fabricate other microwave structures, such as trans-
mission lines with low dispersion and coupling lines for
filters. The process may also include the step of filling the
empty space comprising the window and aperture 1n FIG. 1
with a low dielectric constant liquid polymer to increase
mechanical stability while maintaining all of the features
sought by the present invention. The polymer material when
exposed to ultraviolet becomes solid. The overall structure
of the mvention 1s believed by the inventors thercof to
provide improved performance over conventional planar
antennas.

Although the present mmvention has been described 1n
relation to particular embodiments thereof, many other
variations and modifications and other uses will become
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apparent to those skilled 1n the art. It 1s preferred, therefore,
that the present invention be limited not by the speciiic
disclosure herein, but only by the appended claims.

What 1s claimed 1s:

1. An aperture-coupled device for microwave operation,
the device comprising:

a radiating element;

a transmission line substrate for carrying microwave
energy;

a plurality of intermediate layers disposed over the trans-
mission line substrate;

a thin film membrane disposed over the intermediate
layers at a spacing from the transmission line substrate
so as to substantially eliminate substrate effects, and
having the radiating element located thereon;

a microwave energy path defined in the intermediate
layers and passing from the transmission line substrate
to the radiating element; and

the intermediate layers include a first layer disposed over
the transmission line substrate and having an aperture
there-through that defines a portion of the energy path,
along with a low temperature co-fired ceramic substrate
disposed over the first layer and having a window
therethrough that overlaps the aperture to couple micro-
wave energy with the radiating element.

2. The device of claim 1, in which the membrane 1s a
polyimide tape.

3. The device of claim 2, in which the polyimide tape is
bonded to the low temperature co-fired ceramic substrate.

4. The device of claim 2, further including a metal line
coupled to the transmission line substrate to launch micro-
wave energy into the transmission line substrate.

5. The device of claim 2, in which the first layer comprises
a metal ground plane.

6. The device of claim 2, in which the transmission line
substrate 1s a microstrip transmission line.

7. The device of claim 6, 1n which the microstrip trans-
mission line comprises a low temperature co-fired ceramic
layer.

8. The device of claim 1, in which the radiating element
1s a metal layer defining an antenna pattern.

9. The device of claim 2, further including a liquid
polymer disposed in the window.
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